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(54) Ink jet print head 

(57) An ink jet print head using an electrostatic field 
and being capable of printing characters and letters with 
a high precision includes an ink chamber (1) for keeping 
therein ink (3) including charged toner particles, an 
ejection opening (2) for establishing connection 
between the ink chamber (1) and an external space, an 
ejection electrode (4) arranged to be slightly projected 
from the ejection opening (2), a cataphoresis electrode 
(5) disposed on a side opposing to the ejection opening 



(2) of the ink chamber (1), an opposing electrode (6) 
arranged to oppose the ejection electrode (4) with a 
recording media (7) therebetween, a cataphoresis volt- 
age source (9) for applying a predetermined voltage to 
the cataphoresis electrode (5), and an ejection voltage 
source (8) for applying a predetermined pulse voltage to 
the ejection electrode (4). The ejection electrode (4) is 
coated with a hydropholic insulating resin (12). 



\ F I G. 1 




CL 
LU 



1 



EP 0 779 155 A2 



2 



Description 

BACKGROUND OF THE INVENTION 

The present invention relates to an ink jet print 
head, and in particular, to an ink jet print head employ- 
ing ink including an insulating solvent in which charged 
pigment particles such as toner particles are diffused 
such that the pigment particles are ejected from the ink 
through an interaction between the particles and an 
electric field to achieve a printing operation. 

Description of the Related Art 

According to a conventional technology, there has 
been known an ink jet print head using an electric field 
in which a charged liquid ink is ejected therefrom by an 
interaction between the ink and the electric field. 

However, the example of the prior art is attended 
with a drawback that the liquid ink fixed onto a recording 
media causes blurs and mottles which lower the print 
quality of the printed characters and letters. Moreover, 
there exists a disadvantage that the ink fix onto the 
media is solved when the ink becomes wet with water. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to 
provide an ink jet print head, particularly, an ink jet print 
head using an electrostatic field capable of achieving a 
high-quality printing operation with a satisfactory preci- 
sion, thereby solving the problems of the conventional 
technology. 

In accordance with a first aspect of the present 
invention, to achieve the object above, there is provided 
an ink jet print head including an ink chamber for keep- 
ing therein ink including charged toner particles, an 
ejection opening for establishing connection between 
the ink chamber and an external space, an eject ion 
electrode arranged to be slightly projected from the 
eject ion opening, a cataphoresis electrode disposed on 
a side opposing to the eject ion opening of the ink cham- 
ber, an opposing electrode arranged to oppose the ejec- 
tion electrode with a recording media therebetween, a 
cataphoresis voltage source for applying a predeter- 
mined voltage to the cataphoresis electrode, and an 
ejection voltage source for applying a predetermined 
pulse voltage to the ejection electrode. The ejection 
electrode is coated with a hydropholic insulating resin. 

In accordance with the present invention, when a 
voltage having a polarity identical to the polarity of toner 
particles is applied to the cataphoresis electrode, the 
toner particles moves through the ink due to electro- 
phoresis to be concentrated onto the ejection opening. 
These charged particles form an ink meniscus having a 
projected shape near the tip end of the ejection elec- 
trode. When a predetermined voltage pulse having a 
polarity equal to the polarity of the toner particles is 
applied to the ejection electrode, the toner particles are 



ejected at once from the tip end of the ejection electrode 
to the opposing electrode. The ejected toner particles 
are fixed onto the recording media to achieve a dot 
recording operation. For the toner particles lost from the 

5 ejection opening due to the toner particle ejection, there 
are supplied toner particles by the potential difference 
between the. cataphoresis electrode and the ejection 
electrode. In the configuration, since the surface of the 
ejection electrode is coated with a hydropholic resin, the 

70 surface tension acts upon the tip end portion of the ejec- 
tion electrode to thereby keep the ink meniscus formed 
in the projected shape along the tip end portion. 

In accordance with a second aspect of the present 
invention, the ejection electrode coated with the insulat- 

i5 ing resin includes a tip end portion manufactured in a 
smooth spherical contour. 

Since the tip end of the ejection electrode has a 
smooth spherical contour in accordance with the 
present invention, there can be minimized the change in 

20 the ink meniscus covering the tip end portion of the 
ejection electrode. Moreover, at the vertex of the menis- 
cus having the projected shape, the direction of lines of 
electric force is vertical and nearest to the opposing 
electrode. 

25 In accordance with a third aspect of the present 
invention, the ejection electrode coated with the insulat- 
ing resin includes a tip end portion projecting from the 
ejection opening about 80 pm to about 100pm. 

Since tip end of the ejection electrode is projected 

30 from the ejection opening about 80pm to about "lOOpm 
in accordance with the present invention, the ink menis- 
cus is formed in a projected contour near the tip end of 
the ejection electrode onto which the electric field is 
concentrated. As a result, the objects above are 

35 achieved. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The objects and features of the present invention 
40 will become more apparent from the consideration of 
the following detailed description taken in conjunction 
with the accompanying drawings in which: 

Fig. 1 is a partially cutaway front view showing an 
45 embodiment of the ink jet print head in accordance 
with the present invention; 

Fig. 2 is a partially cutaway bottom end view of the 
embodiment of Fig. 1 ; 

Fig. 3 is a partial right side view of the embodiment 

50 of Fig. 1 ; 

Fig. 4 is a circuit diagram showing an equivalent cir- 
cuit of the embodiment of Fig. 1 ; 
Fig. 5 is a diagram showing a magnified view of a tip 
end portion of an ejection electrode used in the 

55 embodiment of Fig. 1 ; 

Fig. 6A is a diagram showing a magnified view of 
the tip end of the ejection electrode using a water- 
repellent insulating resin; and 
Fig. 6B is a a diagram showing a magnified view of 
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the tip end of the ejection electrode configured in a 
rectangle contour. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

First, the ink jet print head shown in Figs. 1 to 3 
includes an ink chamber 1 for keeping therein ink 3 
including charged toner particles, an ejection opening 2 
establishing connection between the ink chamber 1 and 
an external space, an ejection electrode 4 provided to 
slightly project into the external space from the ejection 
opening 2, a cataphoresis electrode 5 arranged on a 
side opposing to the ejection opening 2 of the ink cham- 
ber 1, an opposing electrode 6 disposed to oppose the 
ejection electrode 4 with a recording media 7 therebe- 
tween, a cataphoresis voltage source 9 for supplying a 
predetermined voltage Vep to the cataphoresis elec- 
trode 5, and an ejection voltage source 8 for applying a 
predetermined pulse voltage Vp to the ejection elec- 
trode 4. In the constituent elements, the ejection elec- 
trode 4 is coated with an insulative resin 12 having a 
hydrophylic characteristic as shown in Fig. 5. 

More specifically, the ink chamber 1 of the embodi- 
ment is enclosed with a lower plate 14, a side wall 15, 
and an upper plate 16 which are made of a dielectric 
material. 

The ejection opening 2 is a small gap disposed in 
an end portion of the side wall 15 to form an ink menis- 
cus. The size of gap or gap width is set to a slit width to 
develop a capillary action. 

The ink 3 is liquid ink including a solvent called a 
carrier (e.g., isoparaffin as a petroleum organic solvent 
such as isoparaffin) in which pigment particles (e.g., 
toner particles) virtually having charge due to zeta 
potential. The ink 3 in the ink chamber 1 is applied with 
a pressure through an ink supply hole 10 and an ink dis- 
charge hole 1 1 by a pump, now shown, to be continu- 
ously and forcibly circulated therethrough. In the 
constitution, the ink supply hole 10 and ink discharge 
hole 1 1 are connected to each other via an ink tank and 
a tube, not shown. 

The ejection electrode 4 includes an electrically 
cast component of such a conductive material having a 
width of about 50 micrometers (um) as copper, nickel, or 
the like. The electrode 4 includes a portion to be brought 
into contact with the ink 3 as above, the portion being 
covered with an insulating resin 12. That is, the ejection 
electrode 4 is insulated from the ink 3. In the configura- 
tion, the isulating resin 12 is made of a hydropholic 
material to increase affinity between a surface of the 
ejection electrode 4 and the ink 3. The electrode 4 
coated with the insulative resin 12 includes a tip end 
portion having a spherical smooth surface. Moreover, 
the tip end of the electrode 4 is projected from the ejec- 
tion opening 2 about 80 ujti to about 100um. 

The cataphoresis electrode 5 is fabricated to 
enclose the ink chamber 1 on three sides thereof other 
than the side on which the ejection opening 2 is pro- 



vided. The electrode 5 includes a portion arranged in 
the ink chamber 1 to be electrically brought into contact 
with the ink 3. The electrode 5 is made of a conductive 
substance such as a metal. 

5 On the other hand, the opposing electrode 6 is fab- 
ricated with a conductive material including metals. The 
electrode 6 is grounded via a predetermined resistance 
to effectively prevent a disadvantageous event of a large 
current such as a large leakage current between the 
io opposing electrode 6 and the cataphoresis electrode 5. 
Additionally, the opposing electrode 6 conducts a func- 
tion as a platen for the recording media 7. 

The ejection voltage source 9 applies a high-volt- 
age pulse Vp having a polarity equal to the polarity of 
is the toner particles in the ink to the ejection electrode 4 
at predetermined timing in association with a record sig- 
nal received from an external device. On the other hand, 
the cataphoresis voltage source 10 supplies the cata- 
phoresis electrode 5 with a fixed high voltage Vep hav- 

20 ing a polarity identical to the polarity of the toner 
particles in the ink 3. 

Referring next to the equivalent circuit of the 
embodiment shown in Fig. 2, the overall operation of the 
apparatus will be described. 

25 As above, charged toner particles are diffused in 
the ink 3 of the ink chamber 1 . Therefore, the ink 3 is 
equivalent to a conductor having a predetermined 
resistance value. Furthermore, the insulative resin 12 
disposed on the ejection electrode 4 to insulate the 

30 electrode 4 from the ink 3 is equivalent to a capacitor 
having a predetermined dielectric constant. 

First, in a state awaiting a recording operation, the 
electrophoresis voltage Vep is applied from the cata- 
phoresis voltage source 9 to the cataphoresis electrode 

35 5 brought into contact with the ink 3. In this situation, the 
ejection electrode 4 is not supplied with the voltage from 
the ejection voltage source 8 or is supplied with a bias 
voltage lower than the cataphoresis voltage Vep, caus- 
ing a potential difference between the cataphoresis 

40 electrode 5 and the eject ion electrode 4. Thanks to the 
potential difference, the toner particles virtually func- 
tions as electrically charged particles. Namely, on the 
surface of the insulating resin 12 on the ejection elec- 
trode 4, there are collected as many toner particles as 

45 the potential of the ink 3 becomes equal to the cata- 
phoresis voltage Vep. 

On the other hand, in the recording operation, the 
ejection voltage Vp is applied as a fixed pulse voltage to 
the ink 3 on the ejection electrode 4 at a potential equal 

so to the cataphoresis voltage Vep. Resultantly, when the 
potential difference between the ejection electrode 4 
and the opposing electrode 6 exceeds an ejection 
threshold voltage, Coulomb force applied due to the 
electrostatic force to the ink 3 including the toner parti- 

55 cles on the ejection electrode 4 becomes stronger than 
the surface tension. Consequently, ink drops 13 are 
ejected toward the opposing electrode 6. The ink drops 
13 thus emitted fix onto the recording media 7 arranged 
between the ejection opening 2 and the opposing elec- 
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trode 6, thereby achieving a dot printing operation. 

After the recording operation, furthermore, toner 
particles gathered on the surface of the insulating resin 
12 on the ejection electrode 4 to compensate for the 
charge lost due to the ejection of the toner particles. In 
this method, since only the toners in the ink 3 are uti- 
lized for the recording operation, the density of toners in 
the ink is lowered in the neighborhood of the ejection 
electrode 4 immediately after the toner particle ejection. 
However, since the cataphoresis electrode 5 is applied 
with a high voltage, the toner particles moves due to 
electrophoresis from the cataphoresis electrode 5 to the 
ejection electrode 4 in the ink chamber 1 so that only the 
toner particles are appropriately supplied to the proxim- 
ity of the ejection electrode 4. Particularly, since the 
ejection electrode 4 is insulated from the ink 3, when the 
charged toner particles move due to electrophoresis 
through the ink 3 to form a balanced state of the poten- 
tial distribution in the ink chamber 1, the movement of 
toner particles is terminated and the initial state is again 
established. 

Thereafter, the high-voltage pulse applied to the 
ejection electrode 4 is controlled according to the 
recording image to repeatedly accomplish the recording 
operation to thereby recording a desired image on the 
recording media 7. The media 7 with the image thereon 
is then transported to a fixing section, not shown, so 
that the image is thermally fixed on the media 7. 

As described above, according to the principle of 
the ink jet printing, the charged toner particles are 
extracted from the tip portion having a projected contour 
of the ink meniscus to the opposing electrode 6 due to 
the high electric field generated in the proximity of the 
ejection electrode 4 such that only the extracted toner 
particles are ejected to achieve the recording operation. 
In this printing method, since only the toner particles are 
mainly applied onto the recording media 7, the blur of 
ink and the like which are drawbacks of the conventional 
ink jet printing in which liquid ink is directly ejected onto 
the recording media can be prevented. This advanta- 
geously makes it possible to carry out the print opera- 
tion with a high quality as high as that of the 
electrophotography. 

Subsequently, Figs. 6A and 6B show examples to 
be compared with the embodiment of the present inven- 
tion, specifically, the tip end portion of the ejection elec- 
trode. In these diagrams, an ejection electrode 54 
includes a tip end portion having a flat surface coated 
with a water-repellent insulative resin 62. In this struc- 
ture, since the ink is applied with the pressure as 
described above in the ink chamber, the ink meniscus 
cannot keep the projected contour covering the tip end 
of the ejection electrode 5 as can be seen from Fig. 6A. 
This leads to a disadvantage that the ink 3 cannot be 
sufficiently supplied to the tip end portion of the ejection 
electrode 54 onto which the electric field is concen- 
trated. 

In addition, the ejection of ink drops 13 occurs 
beginning at a place in which the electric field is concen- 



trated, namely, at a position at which the change in cur- 
vature takes the largest value in the meniscus and 
which is nearest to the opposing electrode 6. In the 
examples shown in Figs. 6A and 6B, the change in the 

5 curvature of meniscus of the ink 3 takes the largest 
value in both corners of the tip end of the ejection elec- 
trode 54. Therefore, as can be seen from Fig. 6B, the 
ejection of ink drops 13 takes place beginning at the 
corners of the ejection electrode 54. In consequence, 

7 0 there may occur a disadvantageous event that the ejec- 
tion point cannot be fixed with a satisfactory stability 
only by a slight change in the state of the surface of 
meniscus. Additionally, at the corners of the ejection 
electrode 54, the direction of line of electric force is not 

75 perpendicular to the opposing electrode 6, leading to a 
drawback that the ink drops 13 cannot be ejected with a 
sufficient stableness. 

In association with the disadvantages, since the 
surface of the ejection electrode 4 is coated with a 

20 hydrophilic insulating resin 12 in the embodiment, the 
projected ink meniscus can be continuously kept 
retained along the tip end portion of the ejection elec- 
trode 4 in relation to the surface tension of the ink 3. 
This consequently leads to a stable ink ejection. 

25 Moreover, in accordance with the embodiment, 
since the tip end of the ejection electrode 4 is manufac- 
tured in a spherical shape, it is possible to minimize the 
change in the curvature of ink meniscus covering the tip 
end of the ejection electrode 4. Furthermore, at the ver- 

30 tex x)f the projected portion, the direction of the line of 
electric force is vertical and nearest to the opposing 
electrode 6. Consequently, the ink drops 13 can be 
ejected with a more stable state. 

Particularly, as can be seen from Fig. 3, since the 

35 ejection electrode 4 is provided such that the tip end 
portion thereof is projected from the ejection opening 2 
about 80 um to about 100 pm in the embodiment, the 
ink meniscus is created in a projected contour at the tip 
end of the ejection electrode 4 onto which the electric 

40 field is concentrated. Resultantly, the electric field can 
be concentrated to be sufficient for the toner particle 
ejection, which advantageously guarantees the stable 
ink ejection. 

In accordance with the configuration and function of 
45 the present invention, using the strong electric filed gen- 
erated in the proximity of the ejection electrode, charged 
toner particles are attracted from the tip end portion 
having a projected contour of the ink meniscus to the 
side of the opposing electrode, there can be prevented 
so the blur and the like of ink disadvantageously taking 
place in the conventional ink jet printing operation in 
which liquid ink is directly ejected onto the recording 
media. This makes it possible to achieve the print oper- 
ation of characters and letters with as high a print quality 
55 as the electrophotography. Additionally, since the sur- 
face of the ejection electrode is coated with a hydro- 
pholic insulating resin, the ink meniscus having a 
projected contour can be continuously kept generated 
along the tip end portion of the ejection electrode, 
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thereby conducting a stable ink ejection. 

Furthermore, in accordance with the second aspect 
of the present invention, since the tip end portion of the 
ejection electrode is manufactured in a smooth spheri- 
cal shape, there is reduced the change in the curvature 
of ink meniscus covering the tip end of the ejection elec- 
trode. Moreover, since the direction of lines of electric 
force at the vertex of the projected portion is vertical and 
nearest to the opposing electrode, the ink drops can be 
ejected in a stable state. 

Particularly, in accordance with the third aspect of 
the present invention, since the ejection electrode is 
constructed such that the tip end portion thereof is pro- 
jected from the ejection opening about 80 n to about 
100 jj m, there can be provided a novel ink jet print head 
in which the ink meniscus has a projected contour in the 
tip end portion of the ejection electrode onto which the 
electric field is concentrated, the electric field can be 
concentrated sufficiently for the ink ejection, thereby 
achieving a stable ink ejection. 

While the present invention has been described 
with reference to the particular illustrative embodiments, 
it is not to be restricted by those embodiments but only 
by the appended claims. It is to be appreciated that 
those skilled in the art can change or modify the embod- 
iments without departing from the scope and spirit of the 
present invention. 



3. An ink jet print head in accordance with claim 1 , 
wherein the ejection electrode (4) coated with the 
insulating resin (12) includes a tip end portion pro- 
jecting from the ejection opening (2) about 80 to 

5 about 100 pm. 

4. An ink jet print head in accordance with claim 2, 
wherein the ejection electrode (4) coated with the 
insulating resin (12) includes a tip end portion pro- 

io jecting from the ejection opening (2) about 80 pm to 
about 100 |im. 



75 



20 



25 



Claims 

30 

1 . An ink jet print head, comprising: 

an ink chamber (1) for keeping therein ink (3) 
including charged toner particles; 
an ejection opening (2) for establishing connec- 35 
tion between the ink chamber (1) and an exter- 
nal space; 

an ejection electrode (4) arranged to be slightly 
projected from the ejection opening (2); 
a cataphoresis electrode (5) disposed on a side ao 
opposing to the ejection opening (2) of the ink 
chamber (1); 

an opposing electrode (6) arranged to oppose 
the ejection electrode (4) with a recording 
media (7) therebetween; 45 
a cataphoresis voltage source (9) for applying a 
predetermined voltage to the cataphoresis 
electrode (5); and 

an ejection voltage source (8) for applying a 
predetermined pulse voltage to the ejection so 
electrode (4), wherein 

the ejection electrode (4) is coated with 
a hydropholic insulating resin (12). 



2. An ink jet print head in accordance with claim 1, 55 
wherein the ejection electrode (4) coated with the 
insulating resin (12) includes a tip end portion man- 
ufactured in a smooth spherical contour. 
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(54) Ink jet print head 

(57) An ink jet print head using an electrostatic field 
and being capable of printing characters and letters with 
a high precision includes an ink chamber (1) for keeping 
therein ink (3) including charged toner particles, an 
ejection opening (2) for establishing connection 
between the ink chamber (1) and an external space, an 
ejection electrode (4) arranged to be slightly projected 
from the ejection opening (2), a cataphoresis electrode 
(5) disposed on a side opposing to the ejection opening 



(2) of the ink chamber (1), an opposing electrode (6) 
arranged to oppose the ejection electrode (4) with a 
recording media (7) therebetween, a cataphoresis volt- 
age source (9) for applying a predetermined voltage to 
the cataphoresis electrode (5), and an ejection voltage 
source (8) for applying a predetermined pulse voltage to 
the ejection electrode (4). The ejection electrode (4) is 
coated with a hydropholic insulating resin (12). 
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